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(54) PAPER STRENGTHENING AGENT 

(57)Abstract: h „ 

PURPOSE: To obtain a paper strengthening agent ch.=-c-c-y z n^s, x- 
having excellent effect for improving the strength and o 
folding strength of paper by using water-soluble 1 
copolymer of a cationic monomer containing a 

hydrocarbon group having a specific carbon number P( fil 

and a polymerizable functional group and a G h, -c-c-v-z-n^-z'-f,, • k~ 

copolymerizable hydrophilic monomer. 

CONSTITUTION: The objective paper strengthening J1 

agent having a Brookfield viscosity of 100-100,000 

cps is produced by dissolving a water-soluble \t t 

copolymer containing (A) 0.01-15mol% of a cationic cr*=c-c-y-z- nr-- z'- o s*-x _ 

monomer having 4-28C hydrocarbon group and a d ^N, 

polymerizable functional group and expressed by 

formula I (R1 is H or methyl; R2 and R3 are 1-3C 

lower alkyl; R4 is 4-28C hydrocarbon group; Y is O or NH; Z is 2-4C hydroxyalkylene; X is 
halogen or acid residue), formula II (Z is same as Z) and formula III (e.g. 2-hydroxy-3- 
methacryloyloxypropyl dimethyl stearyl ammonium chloride) and (B) 85-99.99mol% of a 
copolymerizable hydrophilic monomer (e.g. acrylamide) as constituent monomers in water 
at a concentration of 15wt.%. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Hydrocarbon-group content cation monomer which has the hydrocarbon group of carbon 
numbers 4-28, and the functional group in which a polymerization is possible (A) 0.01-15-mol % 
and copolymerizable hydrophilic-property monomer (B) 85-99.99 Paper reinforcing agent 
characterized by making into an active principle the water-soluble copolymer which uses mol % as a 
configuration monomer component. 

[Claim 2] Hydrocarbon-group content cationic monomer which has the hydrocarbon group of carbon 
numbers 4-28, and the functional group in which a polymerization is possible (A) The following 
general formula (I) (II) It reaches (III). Paper reinforcing agent according to claim 1 which is the 
compound chosen from the compound group expressed. 
[Formula 1] 

Si A* 
I / 
CH* = C-C-Y-Z-N*— B* • X- (I) 

II \ 
0 X 8. 



CH Z =C-C-Y-Z-N 



-Z'-B« • X- 
R 3 



(ID 



CH* = C-C-Y-Z-N + — Z'-0-B« • X" (III) 



0 R 



3 



(Rl expresses a hydrogen atom or a methyl group among a formula, R2 and R3 express the low- 
grade alky I group of carbon numbers 1-3, R4 expresses the hydrocarbon group of carbon numbers 4- 
28, Y expresses an oxygen atom or -NH-, Z and Z' expresses the hydroxy alkylene group of carbon 
numbers 2-4, and X expresses a halogen atom or acid residue.) 

[Claim 3] Hydrophilic monomer (B) Acrylamide, methacrylamide. and N-vinyl-2-pyrrolidone. N.N- 
dimethylacrylamide and diacetone acrylamide, 2-hydroxyethyl methacrylate, Paper reinforcing agent 
according to claim 1 which are one sort or two sorts or more of nonionic monomers chosen from the 
group which consists of 2-hydroxyethyl aery late, polyethylene glycol monomethacrylate, and 
methoxy polyethylene-glycol methacrylate. 
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[Claim 4] Hydrophilic monomer (B) Paper reinforcing agent of claim 1-3 less than [ 20 mol % I 
whose ] is a copolymerizable cationic monomer inside given in any 1 term. 
[Claim 5] For a water-soluble copolymer, the water solution of 15-% of the weight concentration is 
100-100,000 in 25 degrees C. Paper reinforcing agent of claim 1 -4 which is what has the Brookfield 
viscosity of a centipoise given in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a new paper reinforcing agent. Furthermore, in 
detail, by using a water-soluble specific polymer, adsorbent [ over pulp ] is raised and it is related 
with the useful paper reinforcing agent which has the outstanding improvement effectiveness in 
paper durability, and has the improvement effectiveness of chip box-proof reinforcement, such as the 
paper board, further. 
[0002] 

[Description of the Prior Art] In recent years, the lack of forest resources poses a terrestrial problem, 
and the inclination which recycle of used paper increases is increasing. However, since fiber is 
mourning over recycled pulp, it causes lowering of paper durability. Therefore, in order to prevent 
lowering of a paper product on the strength, various paper reinforcing agents are used. Especially, 
the polymer of a polyacrylamide system is widely used as a thing to which desiccation paper 
durability is made to increase. However, there are problems, such as lowering of the effectiveness of 
a paper reinforcing agent and dirt generating within the paper-making process by addition rise, with 
the increment in the rate of a compounding ratio of used paper. On the other hand, closed ** which 
circulates through and uses Hakusui for economization of energy and clarification of industrial liquid 
waste is progressing. Consequently, all over Hakusui, various ion, a pulp microfilament, and various 
loading materials are contained, and they have been severe conditions at adsorption for the pulp fiber 
of a paper reinforcing agent. Planning the fixation disposition top to a pulp non-dense water space is 
proposed by introducing hydrophobic groups, such as benzyl, also on these severe conditions in 
recent years (JP,63-92800,A etc.). However, the paper durability engine performance has many 
inadequate points. 
[0003] 

[Problem(s) to be Solved by the Invention] Without a paper durability enhancing effect falling [ what 
has many rates of a compounding ratio of used paper ] in paper making of paper and the paper board, 
the solution technical problem of this invention is excellent in chip box-proof reinforcement, such as 
the paper board, and is to offer the paper reinforcing agent with which adsorbent does not fall in the 
Hakusui circulatory system further. 
[0004] 

[Means for Solving the Problem] It results in header this invention that the improvement 
effectiveness in paper durability of the paper reinforcing agent using the water-soluble copolymer 
which is made carrying out copolymerization of the hydrocarbon-group content cationic monomer 
which has a hydrocarbon group and the functional group in which a polymerization is possible with a 
specific carbon number, and the hydrophilic monomer in a water solution, and is obtained as an 
active principle having raised adsorbent [ over pulp ], and having excelled can be variously acquired 
as a result of research in order that this invention may solve the aforementioned technical problem. 
That is, this invention is a hydrocarbon-group content cation monomer (A) which has the 
hydrocarbon group of carbon numbers 4-28, and the functional group in which a polymerization is 
possible. 0.01-1 5-mol % and copolymerizable hydrophilic-property monomer (B) 85-99.99 The 
paper reinforcing agent characterized by making into an active principle the water-soluble copolymer 
which uses mol % as a configuration monomer component is started. 
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[0005] Using a cationic surface active agent for the sizing compound constituent for paper making in 
JP,63- 196796, A is proposed, the hydrocarbon-group content cationic compound which has the 
hydrocarbon group of carbon numbers 4-28 and the functional group in which a polymerization is 
possible makes stability carry out emulsification distribution of the alkyl ketene dimer, and it is used 
for the purpose of reducing slipping of paper. By carrying out copolymerization of this and the 
copolymerizable hydrophilic monomer, and optimizing the molecular weight of a water-soluble 
copolymer and the monomer presentation which are acquired in this invention, paying attention to 
the long-chain alkyl group of the above-mentioned hydrocarbon-group content cationic monomer 
Without a paper durability enhancing effect falling [ what has many rates of a compounding ratio of 
used paper ] in paper making of paper and the paper board, chip box-proof reinforcement, such as 
the paper board, was excellent, and the paper reinforcing agent with which adsorbent does not fall in 
the Hakusui circulatory system further was found out. 

[0006] Like the above, the active principle of the paper reinforcing agent of this invention is a 
hydrocarbon-group content cationic monomer (A) which has the hydrocarbon group of carbon 
numbers 4-28, and the functional group in which a polymerization is possible. It is the water-soluble 
copolymer by which copolymerization was carried out, and is a copolymerizable hydrophilic 
monomer (B). Copolymerize, and although obtained the ratio of the component of each monomer in 
this water-soluble copolymer - important - hydrocarbon-group content cationic monomer (A) 0.01- 
15-mol % - desirable -- 1-10-mol % and hydrophilic-property monomer (B) 85-99.99 mol% -- it is 
90-99-mol % preferably. Cationic monomer (A) Less than [ 0.01 mol % ], the effectiveness of this 
invention is not acquired, and if 15-mol % is exceeded, a lot of hydrophobic groups will check 
hydrogen bond, and there is a possibility of causing paper durability performance degradation. 
[0007] hydrocarbon-group content cationic monomer (A) which has the hydrocarbon group of the 
carbon numbers 4-28 concerning this invention, and the functional group in which a polymerization 
is possible ♦*****-- the following general formula (I) An acrylic acid, a methacrylic acid, 
acrylamide or methacrylamide, and the desirable good cationic compound of polymerization nature 
of a methacrylic-acid system are illustrated by quarternary ammonium salt with (II) and (III) the 
hydrocarbon group of carbon numbers 4-28 expressed. 
[0008] 
[Formula 2] 

CH£ = C-C-Y-Z-N + — B, • X- (I) 
O X Bi 



CH Z -C-C-Y-Z-N< 
II 

O 



.Hi 

Z'-R* • X- 



(ID 



Ri A2 
I / 
CH 2 -=C-C-Y-Z-N + — Z 1 -O-R* • X" (III) 

O X R 3 

[0009] (Rl expresses a hydrogen atom or a methyl group among a formula, and R2 and R3 express 
the low-grade alkyl group of carbon numbers 1-3.) R4 expresses the hydrocarbon group of carbon 
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numbers 4-28, Y expresses an oxygen atom or -NH-, Z and Z* expresses the hydroxy alkylene group 
of carbon numbers 2-4, and X expresses acid residue, such as a halogen atom or methyl sulfate, and 
ethyl sulfate. General formula (I) (II) It reaches (III), As an example of a compound expressed 2- 
hydroxy-3-methacryloyl oxypropyl - N, N, and N-dimethyl alkyl (C4-C28) ammonium salt, 2'- 
methacryloiloxy-ethyl-N, N-dimethyl-2-hydroxy-3-alkyl (C4-C28) propyl ammonium salt, 2'- 
hydroxy-3-methacryloyl oxypropyl-N and N-dimethyl-3-alkyl (C4-C28) oxy-propyl ammonium salt 
etc. can be mentioned. 

[0010] Hydrophilic monomer concerning this invention (B) If it carries out, they are acrylamide, 
methacrylamide, and an N-vinyl-2-pyrrolidone, N,N-dimethylacrylamide and diacetone acrylamide, 
2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, polyethylene glycol monomethacrylate, 
methoxy polyethylene-glycol methacrylate, etc. can be mentioned. It is a hydrophilic monomer (B) 
because of accommodation [ in / this invention ] of the amount of cations. It is a copolymerizable 
cationic monomer (C) about a part. As the amount, it is desirable exchangeably that it is [ 0-20 mol ] 
%. As this cationic monomer, dimethylaminoethyl (meta) acrylate, Diethylaminoethyl (meta) 
acrylate, dimethylaminopropyl (meta) acrylamide, Or the hydrochloric acid of the vinyl monomer 
which has the third class amino groups, such as diethylamino propyl (meta) acrylamide, Inorganic [, 
such as a sulfuric acid or an acetic acid, ], the salts of an organic acid, or the third class amino-group 
content vinyl monomer and methyl chloride, The monomer containing the quarternary ammonium 
salt obtained by the reaction with the fourth class-ized agents, such as benzyl chloride, a dimethyl 
sulfate, a diethyl sulfate, or epichlorohydrin, etc. is illustrated. 

[001 1] Although it still is not clear about the mechanism of action of the paper reinforcing agent of 
this invention, it is presumed as follows. That is, a paper reinforcing agent is governed by the 
interface electric conduction-behavior as a polyelectrolyte in a pulp slurry, and the dispersibility and 
adsorbent [ to pulp ] are influenced of pH and various salts. Moreover, the molecular weight does the 
condensation effectiveness to pulp, and influences the yield of a microfilament, and filterability. The 
behavior after adsorption of a polymer must take into consideration the conformation (structure) 
change in a pulp front face, osmosis in the pore of a polymer, and the transition between solid-states 
of a polymer. 

[0012] canal- [ the paper reinforcing agent of this invention / long-chain ] and ** - since a high alkyl 
group is included, it is thought that it has contributed on the fixation disposition for the non-dense 
water space of pulp, moreover, some the fourth class nitrogen -- ** -- since the high long-chain alkyl 
group is attached, even if electrostatic attraction declines in the Hakusui circulatory system of high 
salt concentration, a paper reinforcing agent cannot become yarn ball-like easily, and it is thought 
that adsorbent [ over pulp ] does not fall. Moreover, N - When alkylation is carried out, the softening 
temperature of a paper reinforcing agent falls and it comes to have plasticity. Consequently, the 
property is also given to the pulp to which it stuck, and it is thought that the paper durability engine 
performance, especially chip box-proof reinforcement improve. 

[0013] The water- soluble copolymer concerning this invention is said monomer (A). And (B) 
Mixture can be obtained by making it copolymerize under existence of a radical polymerization 
initiator. As a solvent, these mixed solvents, such as a methanol, ethanol, isopropanol, a butanol, a 
methyl ethyl ketone, toluene, and water, can be used. What is necessary is just to choose a meltable 
thing as the solvent used as a radical polymerization initiator. For example, 2, 2 f - 
azobisisobutyronitril, 2, 2 f -azobis -(2,4-dimethylvaleronitrile) 2, a 2'-azobis (2-amidinopropane) 
hydrochloride, etc. can be used. Polymerization temperature is set up with the decomposition 
temperature of a radical polymerization initiator. 

[0014] the water-soluble copolymer used for this invention - the water solution of 1 5-% of the 
weight concentration « in 25 degrees C - 100-100,000 what has the Brookfield viscosity of a 
centipoise - good - especially -- What is 1,000 to 20,000 centipoise is desirable. In less than 100 
centipoises, molecular weight is low, a paper durability enhancing effect is inferior, and it is one 
side. In the case of the hyperviscosity exceeding 100,000 centipoise, the condensation effectiveness 
with pulp is strong, and in order to disturb the formation of paper, paper durability will decline. 
[0015] The paper reinforcing agent of this invention is added and used into the aquosity dispersion 
liquid of pulp. 0.05 - 5% of an addition is desirable to pulp oven dry weight. As long as pulp is 
distributing in water within a paper-making process at homogeneity, which location is sufficient as 
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the location added in a production process. Moreover, using together with a loading material, a 
sizing compound, a yield improver, a filtration improvement agent, and other paper reinforcing 
agents does not interfere at all. 
[0016] 

[Example] Although the example of manufacture and an example explain this invention below at a 
detail, this invention is not restricted to these examples of manufacture and examples. In addition, 
the section in the example of manufacture and an example is weight criteria unless it mentions 
specially. 

[Composition of a water-soluble copolymer] 

It is 60% isopropyl alcohol water solution to example of manufacture 1 stirrer, a thermometer, a 
reflux condenser, and the 4 TSU openings flask equipped with nitrogen gas installation tubing. The 
100 sections were taught and the nitrogen purge in a system was performed. Then, it heated slowly 
and was made to flow back. They are the acrylamide 21 .4 section and 2-hydroxy-3-methacryloyl 
oxypropyl dimethyl stearyl ammonium chloride there. The 8.0 sections and 3-dimethylaminopropyl 
acrylamide 5.2 sections and 2, and 2'-azobis isobutyl nitril 60% isopropyl alcohol water solution 
containing the 0.4 sections The 112 sections were dropped over 2 hours. Water after carrying out the 
heating reflux of the reaction mixture for after [ dropping ] 3 hours The 100 sections were added and 
diluted, isopropyl alcohol was distilled off, concentration was adjusted, and the copolymer water 
solution of 15% of solid content was obtained. Brookfield viscosity in 25 degrees C of the obtained 
copolymer water solution It is 9,800 centipoise and pH It was 5.5. 

[0017] The examples 2-5 of manufacture and the example 1 of comparison manufacture - all the 4 
amounts of preparation monomers It taught as 0.7 mols, the monomer presentation was changed as 
shown in a table 1, and various polymers were obtained by the same approach as the example 1 of 
manufacture. The hydrocarbon-group content monomer in the examples 1-5 of manufacture and the 
examples 1-3 of comparison manufacture, a nonionic monomer, a cationic monomer, the aromatic 
series content monomer in the example 4 of comparison manufacture, a nonionic monomer, an 
anionic monomer, and the measured viscosity are shown in a table 1 . 
[0018] 
[A table 1] 
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[0019] (Note) (1) The figure in a parenthesis expresses preparation mol % of each monomer. 
(2) Viscosity shows the Brookfield viscosity in 25 degrees C of a 15-% of the weight water solution 
of each copolymer, and is the unit CPS of viscosity. It is a centipoise. 
[A comparison of a paper durability enhancing effect] 

The water-soluble copolymer of examples 1 -5 and the example 1 of a comparison - the example 1 of 
4 manufactures was added, paper was milled, and the assessment trial of paper durability was 
performed. A procedure is Canadian standard freeness (CSF). Mixture of the pulp (NUKP) which 
carried out beating to 400ml, and corrugated fiberboard recycled pulp (mixed weight ratio of NUKP 
and recycled pulp 5/5, 3/7) It is from pair pulp about the polymer of the example 1 of the 
manufacture after preparing to a concentration slurry 1 .0% and stirring for 1 minute. It added 0.5%. 
It stirred for 5 more minutes. This slurry Paper making was carried out with the TAPPI square shape 
sheet machine, and it dried with the large-sized revolution dryer after the press. Paper durability trial 
According to the specification of US, tensile strength, bursting strength, tearing strength, and chip 
box-proof reinforcement were measured. The polymer of the examples 2-5 of manufacture and the 
examples 1-4 of comparison manufacture was added similarly, paper was milled, and the paper 
durability trial was performed. The test condition is as follows. A paper durability test result is 
shown in a table 2. 
[0020] 

test condition pulp - service water [ ] --; 20 degree-C and tap water desiccation ; 105 **x 40-second 
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press ; [ ] - 3.5kg was measured in the thermostatic chamber of the x 2-minute paper durability 
measurement; room temperature of 20 degrees C, and 65% of humidity. ; NUKP (CSF400ml) / 
corrugated fiberboard used paper (CSF300ml) =5/5, and 3/7 (weight ratio) Basis weight ; 70 g/m2 
Tensile strength (a tensilon type tension tester and JIS P 81 13) Bursting strength (a Muellen bursting 
strength tester and JIS P 81 12) Chip box-proof reinforcement (the MIT mold folding endurance 
tester and JIS P 81 15) Tearing strength (an EREMENDORUFU mold tear testing machine and JIS P 
8116) [0021] 
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[0022] [A comparison of the polymer amount of adsorption] 

examples 6-10 and the examples 5-8 of a comparison — it examined adsorbent [ over the pulp of the 
polymer in the inside of the high salt concentration containing calcium2+, Na+, and Mg2+ ion ] 
supposing actual Hakusui. Hard water of German hardness, 0 and 20, and 50 degree dH is made to 
distribute pulp (above NUKP), and it is concentration. It considers as 0.4% and is pair pulp about the 
polymer of the examples 1-5 of manufacture, and the examples 1-3 of comparison manufacture. It 
added 0.5%. After stirring for 5 minutes, the amount of polymers after [ according to ** ] and in pulp 
was calculated with nitrogen volume by the KERUDARU analysis method with the glass filter (100 
- 150 mum). The result is shown in a table 3. 
[0023] 
[A table 3] 
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[0024] (Note) Figures other than the degree of hardness in a table show the surface coverage (%) of 

the polymer to pulp. 

[0025] 

[Effect of the Invention] By using the paper reinforcing agent of this invention, the improvement 
effectiveness in paper durability of could raise adsorbent [ over pulp ] and having excelled is 
acquired, and it becomes possible to raise chip box-proof reinforcement, such as the paper board, 
further. 



[Translation done.] 
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